International test scores are used to proxy the quality of source country educational outcomes and explain differences in the rate of return to schooling among immigrants in Canada. The average quality of educational outcomes in an immigrant's source country and the rate of return to schooling in the host country labour market are found to have a strong and positive association. However, in contrast to those who completed their education pre-immigration, immigrants who arrived at a young age are not influenced by this educational quality measure. Also, the results are not much affected when the source country's GDP per capita and other nation-level characteristics are used as control variables. Together, these observations reinforce the argument that the quality of educational outcomes has explanatory power for labour market outcomes. The effects are strongest for males and for females without children.
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Introduction
It is increasingly recognized that it is beneficial for economic analyses to differentiate between the quantity of education attained (e.g., years of school or highest degree) and the quality of educational achievement (e.g., test score derived measures of cognitive ability).
1 Understanding the relationships between immigrants' formal schooling and source country-level average cognitive skills, as proxied by an index derived from multiple sets of international standardized tests, on the one hand, and labour market outcomes in the receiving country on the other, is relevant to a variety of topics. One issue involves the labour market integration of immigrants in destination country labour markets (Borjas and Friedberg, 2009; Borjas, 1995; Aydemir and Skuterud, 2005; Dustmann, Fabbri and Preston, 2005; Ferrer and Riddell, 2008) . Inasmuch as the quality, or relative quality, of pre-immigration educational outcomes varies across source countries this may affect the labour market integration of immigrants and have implications for receiving countries' immigrant selection and settlement policies. This is a long-standing issue; Chiswick (1978) observed a gap in rates of return to education and hypothesized that educational quality might be at issue. More recently Chiswick and Miller (2010) explore source country school quality using American data.
Immigration points systems such as those in Canada and Australia, and those being considered in other countries including the US, assume (either implicitly or explicitly) that a year of education is of the same "quality" regardless of where it is obtained. However, in complementary work to that here, Ferrer, Green and Riddell (2006) use individual-level test scores to explore immigrant labour market outcomes and find that these scores explain the entire immigrant-domestic born gap in the rate of return to education.
Second, research on endogenous growth by, for example, Hanushek and Kimko (2000) , Barro (2001) , Erosa et al. (2010) , and Barro and Lee (2012) suggest that the quality of educational outcomes as proxied by, for example, national-level average test scores, has very substantial impacts on national productivity and economic growth in contrast to measures of educational attainment or inputs -see Hanushek and Woessmann (2008) for a review. In a sub-section of their work exploring causality, using US data Hanushek and Kimko undertake an exercise similar in some aspects to that conducted here and they have broadly similar findings. Manuelli and Seshadri (2010) suggest the quality of human capital varies systematically with the level of development and find that effective human capital per worker varies substantially across countries. In accounting for differences in output per worker across countries, Schoellman (2012) demonstrates that "education quality" is roughly as important as quantity. Hanushek and Woessmann (2012) further explore this association by tracking the cognitive skill distribution within countries and over time. This paper builds on Hanushek and Kimko's index of the quality of national-level educational outcomes. Since their index is found to have predictive power in a context other than that for which it was produced, this increases the credibility of the index and their approach.
A third related area of research focuses on the importance of educational outcomes, in contrast to school system resource inputs, for labour market productivity. One reading of the literature suggests that increased inputs are sometimes associated with improved labour market outcomes, especially when the initial level of inputs is low and/or the variation in inputs is large, but that in many situations the link between resource inputs and both cognitive outcomes (i.e., test scores) and labour market outcomes is tenuous (Hanushek, 1996; Betts, 1996) . Card and Krueger (1992) , and Todd (1996a, 1996b) , use data from the US for the American born to look at the impact of educational inputs on labour market outcomes where 3 identification comes from individuals who migrate across states. They find some evidence that inputs matter, but observe that the connection is weak. In a related vein, Bratsberg and Terrell (2002) find that source country educational inputs impact the return to education observed for immigrants to the US.
It is clear that individual-level measures of educational achievement (i.e., test scores) have very substantial (conditional) correlations with labour market success. For example, Green and Riddell (2003) study individual-level IALS scores in relation to earnings and find a sizeable effect with these simple test scores accounting for a substantial fraction of the return to education.
However, the origin of the correlation is less than clear. Plausibly, individual unobserved ability contaminates both measures' relationship with labour market success. In this paper, by using immigrants' source country average levels of educational outcomes we avoid individual-level cognitive ability capturing the effects of unobserved individual-specific variables with which they may be correlated. This is also closer to the policy question that may be posed by a government considering investing in improved educational quality. That is, is there a relationship between the nations' average level of test scores (i.e., cognitive skills), and labour market outcomes?
Exploring differences in the return to education of immigrants to Canada as a function of the average quality of educational outcomes in each immigrant's source country is the objective of the present study. Overall, we find that differences in the source country average quality of preimmigration educational outcomes have substantial impacts on the Canadian labour market earnings of immigrants. The observed impact flows through the return to education, with those from source countries with higher test scores having much higher returns to education, so that the gap widens as years of schooling increases. Adding country-level controls, especially source country GDP per capita, does not appreciably alter the relationship so it is not a wealthy-country effect. Further, the 4 return to education observed for those immigrants who arrive before age 10 is not a function of their source country quality of educational outcome. This reinforces the idea that it is the quality of educational outcomes, and not source country effects per se, that is correlated with the return to education. Notably, the findings for the sample of all women differs somewhat from that for men, especially conditional on source country characteristics. However, in line with the literature on immigrant gender roles, when the sample is restricted to women who are unmarried or without children living in the household, the results are quite similar to those for men.
The remainder of this paper is structured as follows. Section II discusses the data and provides an initial descriptive analysis. Section III presents a random coefficient approach, including a test for the form of heteroscedasticity in the second stage and a feasible Generalized Least Squares strategy. Estimates from the core regression analysis are discussed in Section IV, as are those from sub-group analysis that helps in confirming and describing the phenomenon under study. Section V discusses the findings, draws conclusions and suggests options for future work.
Data and Descriptive Statistics
To undertake this analysis Canadian census data are combined with an index of the quality of source country educational outcomes derived from country-level scores from international standardized tests and related information. Hanushek and Kimko (2000) derived the index to allow international comparisons of economic growth. Their measure of the quality of educational outcomes is for 87 countries, but there are only sufficient numbers of immigrants in the Canadian census data to look at 81 of these for males, and 79 for females, with further reductions in some analyses using subsets of the sample. Further, since GDP per capita is not available for three of the countries the number in the regression analysis is reduced to 78 for males and 76 for females. as are the domestic born. However, in the subgroup analysis we retain all countries with more than 10 observations, which balances several criteria including the desire to retain as large a set of countries as possible. The sample, however, contains the broadest possible set of people in the labour market; thus anyone with positive weeks of work and earnings in the year is included.
2 Table 1, for males, and Table 2 , for females, present descriptive statistics by source country.
Years of school is measured as the sum of years of elementary and high school, university, and postsecondary non-university, and includes years from incomplete and/or multiple certifications; it is top coded at 24. Average years of schooling varies by over five years across countries, which is very substantial -equivalent to the difference between an undergraduate degree and senior high school.
Annual earnings, converted to 2001 dollars using the all goods CPI, are the sum of employment and positive self-employment earnings and are top coded at $150,000. They are presented in the subsequent columns with the averages varying markedly across source countries with the top few being about two and a half times the bottom ones for males, and two times for 6 females. Appendix table 1 presents descriptive statistics for the census data and provides a listing of the background variables employed in the regressions. One note is that mother tongue, not current language spoken, is employed as a control variable since this is exogenous and is not influenced by the ability to learn new languages, which may be correlated with the quality of educational outcome variable that is the focus of the research. Also, note that the variables "age at immigration" and "domestic potential labour market experience" are used in the regressions rather than "years since migration" and "total potential labour market experience". The former have more natural interpretations given the context and also fit the data slightly better. However, sensitivity tests were conducted using years since migration instead of age at immigration to ensure robustness and there were no substantive changes in the results.
Turning next to the test score data, the "H&K" column presents Hanushek and Kimko's (2000 -Appendix table C1) preferred QL2 measure. The underlying observed test scores from which this measure is derived are all in math and science and are only available for 37 countries.
The tests were administered in the local language, which reduces concerns that QL2 is influenced by English proficiency across different countries. Further, those countries had different participation frequencies in the underlying six rounds of international testing conducted between 1965 and 1991.
In particular, there are fewer observations from countries with very low scores, and wealthier countries tend to participate more often. Using these test scores as a base, Hanushek and Kimko use information regarding each country's education system (e.g., the primary school enrollment rate and teacher-pupil ratios) and demographics (e.g., population growth rates) to generate their QL2 measure. For this analysis QL2 is normalized to range from zero to one to facilitate interpretation.
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For this paper an attempt was made to go beyond an index by mapping the score from each test to those age-specific set of individuals for whom the particular test was likely relevant (by using 7 source country and a several year window around each test). This, however, was not fruitful since the sample sizes were too small. Also, no substantive changes to the results in this paper occurred in several experiments with Hanushek and Kimko's alternative measure, QL1.
Since it is derived from six sets of tests by two different organizations, QL2 provides a better proxy than any individual test. It also has the advantage of having been produced for previous work in the US, so it is independent of the current research and the Canadian labour market data employed. (In fact, significant results here add credibility to the index.) However, it cannot be said to be perfect for the purpose at hand. These scores are for students in grade school (up to the end of high school or its equivalent), and postsecondary educational quality may vary differentially across countries although the averages at these two levels are likely correlated. Also, the scores are a weighted average of those for males and females, and there may be appreciable gender gaps in some countries. Finally, there are issues regarding how well the source country average test scores represent the scores of those who immigrate. If immigrants are heavily selected based on unobservables, then they may be from particular parts of each source country's distribution. Of course, if selection is similar across countries the relative scores may still be appropriate measures.
In short, although this measure is the best available, it is only a proxy for a broad concept. All of these issues can be thought of as sources of measurement error. Thus, if the quality index contains mostly noise and little signal, it will likely not be correlated with the variables of interest in the Canadian census data, and the coefficients estimated in this study will probably be biased towards zero. Note, however, that the endogenous growth literature discussed above finds that national average test scores have substantial information content and are predictors of a nation's economic and productivity growth. Moreover, Schoellman (2012) argues that differences in immigrants'
return to schooling in the US derive from source country education quality, and not selection in 8 immigration or a lack of skill transferability.
One check on the QL2 measure is to compare it to subsequent international tests. In particular, QL2 is not based on the TIMSS (Third International Math and Science Survey). This is relevant since the TIMSS contains data on eight countries for which QL2 uses predictions.
Hanushek and Kimko conduct a verification test and find that the measure in Tables 1 and 2 increase in unadjusted average annual earnings for the males, and about $3,500 for the females. 
Empirical Strategy
An approach similar to that in Card and Krueger (1992) -sometimes referred to as a random coefficient, or hierarchical linear, model -is pursued to explore differences in rates of return to education in Canadian labour markets as a function of our proxy for the quality of educational outcomes. It is less restrictive than the Mincer-type earnings equation approach on some dimensions though this comes at a cost. A first stage regression using individual-level data estimates each country's schooling slope coefficient and intercept as seen in equation (1).
In this specification, a, and are sets of coefficients to be estimated; ln denotes the natural logarithm of annual earnings for immigrant born in country ; is an indicator which is set to unity if immigrant is born in country ; is immigrant 's years of schoolings, so is a set of country-specific measures of years of schooling; and captures the country-specific fixed effect.
The control variables, X, are the natural logarithms of weeks and hours, an indicator for zero hours, converted into an index with the US equal to 100. We believe an average number is useful since over short periods countries may be at different points in their business cycles or be subject to other short-term fluctuations that introduce measurement error. The ideal is a long-term measure of relative wealth/standards of living. We also explored short-term measures; they did not alter our substantial conclusions but had a lower partial R-squared in the second stage regression. Other country-level variables include: an indicator for the language of education in the source country commonly being English or French; Gini coefficients obtained from the World Bank database; 6 and continent-level indicator variables for Asia and Africa. We explored nonlinear versions of the continuous regressors, but coefficients on the quadratic terms were not statistically significant.
If it is the source country quality of educational outcomes that is driving these results, and not factors such as receiving country racial or ethnic discrimination, then immigrants educated exclusively in their source country should have effects that differ from those educated primarily in 6 http://data.worldbank.org/indicator/SI.POV.GINI/ the Canadian system. The latter should not be directly affected by the source country quality index.
Extensions looking at where each person's education was obtained are, therefore, presented for each sex to increase our confidence in the interpretation of the findings.
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Although we focus on the impact of source country test scores on the return to schooling, they could also have a direct effect on earnings as pointed out by, for example, Heckman, LayneFarrar and Todd (1996a, b) , building on work by Behrman and Birdsall (1983) . Thus, in principle, it is possible for the effect of our quality measure to enter through variation in the intercept if its variation is (or a component of it is) relevant for earnings but independent of the amount of schooling obtained. We explore this possibility using a regression similar to equation (2) but with γ j from equation (1) as the dependent variable. Such a relationship might, for example, reflect a selection effect in immigration, or systematic differences in selection within the education systems of source countries with different measured test scores. It could also reflect the differential attainment of basic skills across countries that are not highly correlated with years of schooling.
Heteroscedasticity and feasible Generalized Least Squares
Heteroscedasticity is a concern in the second stage regression since the countries have different sample sizes and perhaps other unobserved common characteristics. For grouped data regression models, if each error term in the individual-level data in equation (1) Dickens (1990) . If people within a group share unobserved common characteristics then the error term in equation (1) should have two components as in equation (3) 
.
Dickens argues that if exists and is sufficiently large, or if group sizes are large enough, then constructing weights exclusively based on cell counts (N j ) may increase heteroscedasticity rather than adjust for it, which generates biased estimates of standard errors. Hence, it may be not worth weighting. Solon et al. (2013) re-emphasize this issue and suggest that the practitioner perform a heteroscedasticity test, in particular, a simple regression of squared OLS residuals on a constant and the inverse group size (i.e., . If the coefficient on is statistically significant, then this is evidence of heteroscedasticity from the grouped data structure and they suggest a feasible Generalize Least Squares (GLS) specification. An estimate of the source-country specific variance can be constructed based on equation (4) since the estimated intercept from the regression testing for heteroscedasticity consistently estimates while the coefficient on consistently estimates . In a related context Brewer et al. (2013) emphasize the importance of the increased 13 statistical power from feasible GLS.
For completeness, we employ four weighting strategies. The first is simply OLS, which
gives equal weight to all countries implying that the second term on the right hand side of equation (4) is set to zero, which is the preferred specification if the coefficient on 1 is not statistically different from zero. Second, as is common in the literature we use source country sample sizes as weights, which emphasizes the second right hand side term in equation (4) and is appropriate if there is no clustering. Third, and in a similar vein to the second, we use as weights the inverse of the sampling variances of the estimated returns to schooling from the first stage, which is sometimes discussed in the literature. Finally, we use Dickens style weights based on the estimated two components in the variance of error terms, which is the preferred approach if the heteroscedasticity tests suggest that both components of equation (4) 
Regression Estimates
First stage regression results
Country specific returns to education from the first stage are reported in Appendix table 2.
Models are also estimated for selected subsamples of the data, as discussed below, but only the second stage results are presented for the latter. The range of estimates is clearly quite wide, and there are substantial differences across the sexes with females having larger coefficients 72.5% of the time. The correlation between the male and female coefficients is 0.476, which is statistically different from zero with a p-value of 0.0000, however, there are some source countries, such as Thailand, for which the estimated return to education for males is quite high (0.101), while that for 14 females is quite low (0.020). This may be related to the phenomena observed by Antecol (2000) who found a strong positive correlation between source country male-female wage gaps and those observed in the US for first generation immigrants. Also, in Canada the average return to education for females is larger than that for males. Table 3 presents results from heteroscedasticity tests for the entire sample and various subsets of it. In all cases the evidence is in favor of an error component model with positive weight on both components. Clearly, the modest minimum country-level samples together with the substantial differences in cell sizes as seen in tables 1 and 2 generate appreciable heteroscedasticity, but there is also a group-specific (cluster) component. Compared to that for the entire sample, the coefficient on the term grows in magnitude for the subsamples, apparently because the smallest country samples are reduced, making the heteroscedasticity more serious. In the extreme, some countries are even lost when the number of individuals per country falls below our threshold for inclusion in the regressions.
Second stage regression results
Quality's coefficient is positive and highly statistically significant, empirically important in magnitude, and although our preferred specification is (4) using GLS it is robust across specifications in the male sample as shown in Table 4 . Increasing the quality of source country educational outcomes, via the education system or by other determinants of such outcomes, appears to substantially augment the accumulation of skills that are relevant for earnings across years of schooling. After controlling for the full set of country level variables, many of which are individually statistically significant, the magnitude of the quality of educational outcomes is only slightly reduced, which implies substantial independent variation between earnings in Canada and 15 source country test scores. The fact that the quality relationship does not appear to be diminished by including GDP and other variables strengthens the central finding of this paper. Interestingly, the coefficient on the GDP per capita index is statistically significant, suggesting that, conditional on quality, immigrants from "high income" countries have higher returns to education, which is relevant to Manuelli and Seshadri's (2010) interest in productivity and educational quality across nations. The same is true for immigrants from Asian and African countries, although the results for English and French being used in the home country school system and income inequality in the home country have coefficients that are statistically significant in some specifications, but not in the preferred model (4). First, we select those immigrants who completed their education before immigrating. Next are those with mixed Canadian and source country education; this sample is the complement to the first. It explores a result observed by Friedberg (2000) , which shows that obtaining domestic education increases wages and "undoes" some of the low return to foreign education in the Israeli context. Finally, those who arrive at a very young age -a subset of the second group -are examined in isolation since they have obtained almost all of their schooling in Canada and should not be directly affected by the source country test scores.
Looking at the results in the bottom half of table 4, those immigrants who arrive at an older age (for whom all their education is typically obtained in the source country) have a similar 8 It is worth noting that weighting by 1/N or Var(β) generate smaller standard errors than the preferred specification; plausibly they over-reject by virtue of putting insufficient emphasis on the term "clustering" error component. See the discussion in Dickens (1990) and Solon et al. (2013) . 9 One small difference from the earlier regressions is that some of the age at immigration indicators (which are not presented) are not relevant for some of the subgroups. For the female sample, the coefficients on the quality measure are markedly larger than those for males unconditionally in all four specifications in table 5. However, unlike the males, the introduction of control variables substantially reduces the females' coefficient estimates making them slightly smaller than those for the males but with larger standard errors so that in the preferred specification they are statistically insignificant. It is not certain why there is such an appreciable difference between the conditional and unconditional coefficients across the genders, although it is quite normal for the standard errors in annual earnings regressions for females to be larger than those for males given the differences in their labour supply patterns; for example, many more females work part time. Beyond differences in female labour force attachment, one possibility, commonly discussed in the research and popular literature (e.g., Klasen, 2002; Behrman and Grant, 2010 ) has to do with quite different approaches to education for women compared to men in certain nations, whereby historically females received less and/or lower quality education than males.
Additionally, Blau, Kahn, and Papps (2011) focus on married women's labour supply assimilation profiles and find that they are a function of source country gender roles for an extended period postmigration. These gender differences may also have something to do with joint mobility decisions as discussed by Loprest (1992) .
To explore the female coefficient gap further, we focus on females less affected by gender roles, Table 6 shows results for the subset of females with no unmarried children residing in their household. The unconditional estimates are very much like those for the males, although larger.
More interestingly, the conditional coefficient estimates are remarkably similar to the unconditional ones. The patterns across the various subsamples in the lower half of the table are also similar to those for males. Although not shown, the results for females who are not married are broadly similar. Overall, it appears that the sub-samples of females who are either without children or not married yield results very similar to those for males, but once those who are married/with children are included in the sample, the patterns change appreciably, especially the gaps between the conditional and unconditional estimates. For female immigrants with limited marital/childcare responsibilities, the rate of return to education is clearly a function of source country test scores.
Understanding more about the source of these findings, which adds an education quality dimension to the gender roles phenomena observed by Antecol (2000) , and Blau, Kahn, and Papps (2011), is an interesting area for future research.
Although not shown to save space, we explore correlations between the quality index and the country-specific intercepts from equation (1). That is, we estimate equation (2) using γ i as the dependent variable. For males the point estimates are small, negative, and not statistically significant in the preferred specification. For females the coefficient in the unconditional regression from the preferred model is negative and statistically significant, whereas conditional on the Z i variables it is effectively zero and not statistically significant. It is feasible that the best way to interpret these results is to suggest that there is no relationship between the country-specific intercepts and the quality measure. However, since one of the four coefficients is statistically significant, and all the point estimates are negative, an alternative interpretation is to recognize that, combined with the findings in tables 4 through 6, individuals with very low years of schooling from source countries with very high test scores do poorly in terms of earnings. Potentially, the selection into higher years of schooling in high test score countries is such that those with very low years of schooling have low productivity for unobserved reasons.
While they are again not shown to save space, we performed a variety of sensitivity tests.
We split the sample according to census year, and into those residing in one of three major cities, and found that the quality of source country educational outcomes has a similar effect on earnings across locations and time periods. Of course, some of these estimates are not very precise. The effects are still present when countries with a large number of observations such as the UK, the USA, or India are excluded. When weekly earnings were used as the dependent variable the statistical significance of the coefficients does not change appreciably, but the magnitude of coefficients increases. Also, restricting the sample to "full-year" workers did not alter the results substantially. Overall, the results with respect to earnings appear to be quite robust. Interestingly, we did not find any relationship between the quality measure and various measures of labour supply such as full-year status or labour force participation.
Discussion and Conclusion
Immigrants' source country educational quality-measured by Hanushek and Kimko's (2000) index based on six sets of source country test scores in math and science-is seen to be strongly positively correlated with the rate of return to education in the Canadian labour market. The index does not measure the test score, or related ability, of any individual, but reflects the quality of national-level educational outcomes, although those outcomes may have sources beyond the education system. Simple correlations and graphical analyses by source country show a substantial positive relationship between the quality of educational outcomes and average Canadian labour market earnings among immigrants. Regression analysis finds that this measure of quality seems to operate primarily through the return to education (as opposed to having a direct association with earnings). For males, adding a range of country-specific controls, and especially source country GDP per capita, does not attenuate the coefficient on quality very much. In contrast, for females the gap between the conditional and unconditional coefficient estimates is greater, and the conditional estimate is not statistically significant for the entire population. However, when the female sample is restricted to those who are without children residing in their household or who are not married, then the labour market relationship between annual earnings and the quality measure looks very much like that for males. Sensitivity tests find that quality of educational outcomes matters for those educated pre-immigration, but not for those who immigrate at a young age and obtain their education in Canada. Taken together, these extensions reinforce the idea that it is the source country quality of educational outcome that is at issue and not some other source country factors such as the average level of source-country wealth or racial/ethnic discrimination. These findings provide plausible evidence that the quality of education, as measured by test scores, has a causal impact on the rate of return to education and through it earnings. However, it remains possible that some omitted country-level characteristic is correlated with both the country-specific rates of return to education our test score index.
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These findings suggest that immigrant economic integration and credential recognition are more complex than is allowed for by many analyses, which impose a common rate of return on years of schooling or some similar measure of educational attainment. In terms of credential recognition, the results in the lower half of tables 4 and 6 paint a picture of a labour market that values not only "years of school" and/or credentials, but the cognitive content of that education as measured by this index of test scores. Moreover, these results add support to Hanushek and Kimko's (2000) , and Hanushek and Woessmann's (2008) , claims that they have captured aspects of educational outcomes in their index that have substantial impacts in the labour market. In terms of both the endogenous growth and the educational outcomes literatures, this is consistent with the notion that the quality of national educational outcomes is associated with labour productivity.
In the future, expanding the information available on educational outcome quality would be valuable. This might include more refined indexes, for example one for sex-specific school quality, and expanding the countries for which the quality measure is available. It would also be useful to consider other aspects of quality that might affect immigrant labour market earnings. For example, advanced technologies, especially computers, are becoming increasingly important in the labour market. Undoubtedly the degree to which the most current technologies are employed varies across national education systems, even at the post-secondary level, and this may matter for labour market outcomes.
Figure 1 -Average Annual Earnings / Return to Education and School Outcome by Source Country
Note: In the upper two panels we fit cubic splines using the unadjusted data. In the lower panel we fit a regression line based on the model (4) without controls from tables 4 and 5.
Source: Canadian census data and the Hanushek and Kimko (2000) index of the quality of educational outcomes. The combined 1986 The combined , 1991 The combined , 1996 The combined , and 2001 Canadian censuses, with quality measures from Hanushek and Kimko (H&K -2000) . The combined 1986 The combined , 1991 The combined , 1996 The combined , and 2001 Canadian censuses, with quality measures from Hanushek and Kimko (H&K -2000) . 
